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Abstract

Coherent x-ray scattering data including moleculaerference effects are obtained for
plastics. To determine the effect of moleculaerfierence, the molecular form factors
are calculated. The theoretical results of molacudbrm factors are compared with
experimental values in literature. The molecularni factors varies importantly for
low momentum transfer values. As a result of tlus,very low photon energies, a
significant change in the coherent scattering crassctions is observed. The
interference effects are the main cause of forntofa@nd coherent scattering
coefficient differences. The results obtainechis study will provide remarkable data
for use by others to model photon transport prolslem

Keywords Plastics, coherent x-ray scattering, interferermfgects.

Plastikler icin CoherenX-isini sagilma verileri

Ozet

Girigim etkilerinin dahil edild§i koherent xgini sacilma verileri plastikler icin elde
edilmistir. Molekudler girisimin etkisini belirlemek igin, molekiler form fakgr
hesaplanngtir. Molekiler form faktorlerin teorik sonuclaritératirdeki deneysel
degerler ile kawilastirilmistir. Molekuler form faktorler dgtik momentum transfer
degerleri icin dnemli bir bicimde dgsmektedir. Bunun sonucu olarak, ¢oksiki foton
enerjileri i¢in, koherent sacilma tesir kesitlersm@nemli bir dgisim gdzlenmektedir.
Girigim etkileri, molekuler form faktor ve coherent sa@ tesir kesiti farkhliklarinin
ana sebebidir. Bu caimada elde edilen sonuclar, foton transfer problemie
modelleyenler tarafindan kullaniimasi icin kayd&eleveri temin edecektir.

Anahtar kelimeler Plastikler, koherent xsini sacilma, girgim etkileri.
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1. Introduction

Coherent scatter imaging is finding increasing ugse industrial and security
applications, where directly identifying the maséértomposition has become a priority
[1]. The determination of significant variation eten the structural properties of
different molecules and complex structures is awdd by using coherent scattering [1].
In the diagnostix-ray energy range, there are interference effaststd the coherence
of elastic scattered photons, mainly at small-aglehich causes a unique scattering
signature, characteristic for each material [2]e Bimulation needed to be modified to
more accurately model the coherent scattering itecotes and complex structures
including the interference between photons scatjefiom different atoms [3-4]. The
interference effects are well known in the field afstallography. In an amorphous
solid, the arrangement of the molecules is not detaly featureless [5]. There is still a
weak ordering. Therefore, interference is also ipsdor coherentx-ray scattering
from amorphous materials [5].

In this study, the x-ray coherent scattering whieterference effects are taken into
account is studied for plastics (polyethylene, pblsene, polycarbonate, and nylon).
The theoretical molecular form factor (FF) was iearout in the presence of
concentrations of elements making up the plasfibe theoreticaFF in this study is
compared with the experimental FF of King et al]. [6The molecular coherent
scattering coefficients computed differently frommetliterature including molecular
interference effects will offer more accurate imi@tion. It is expected that the results
obtained in this study will provide contribute amgortant to the literature.

2. Method

2.1. The molecular form factors

The form factor approximation is used to predice tk-ray coherent scattering
coefficients. The experimental form factors arebetter accommodation with the
modified relativistic form factor (MFF) approximati [7]. The MFF approach is better
than other approaches, as indicated by some résealid, 8-17].

For most composite materials, the molecular forptoiadata are calculated using the
independent atomic model (IAM) or the sum rule,

2 .
FmT(x) = Zi%Fiz(x; Z;) (1)
wherewi, Mi, Zi andFi(x,Z) are the mass fraction, the atomic mass, the ataomber
and the atomic FF of elementrespectivelyW is the molecular weight. Then(x) is
the molecular FF as function of the momentum temshriablex=171sin(@2). The
theoretical FF do not account the interference betwphotons scattering from different
atoms but only account for the interference sdatgefrom electrons in the same atom.
Therefore, the experimental FF is used at low salfemomentum transfer. The sum
rule can be applied at large momentum transferegalBecause there is the asymptotic
convergence between the experimental and thedrética factors. This situation is
reported by researchers [18-21].

2.2. The x-ray coherent scattering cross section

The x-ray coherent scattering cross section is coenzed by using the Thomson
formula [22] weighted by thE %+(x) over all scatter angles per molecule as
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3. Result and discussion

The theoretical molecular form factor data are caladatith the MFF approximation
using Eq. (1). The theoreticdhta in this study are shown in figure 1 togethéhw
experimental data [6]. Theoretiaddta provides an approximation in the regiorx ef

10 nm! where there is no experimental data. As can ée sefigure 1, the differences
between the experimentahd theoretical data are observed for values<o1.5 nm' as

a result of the molecular interference effects. Bperimental data shows a strong
increase in the regiorx € 1.5 nm) where interference effects are big and the amgula
distribution peak at a certain angle. This angleetiels on the photon energy, type and
structure of plastic.

The molecular x-ray coherent scattering coeffigeate calculated by using both
experimental form factor which covers valuesxef 9.25 nmt and theoretical form
factor which covers values of ¥x < 10° nmt. Also, the molecular coherent scattering
coefficients are calculated without the inclusidrihe interference effects by using only
theoretical form factor which covers values of<Ox < 10° nmil. The molecular
interference effects in x-ray coherent scatterirgy shown in figure 2 for each plastic
material.
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Figure 1.Comparisorbetweerexperimental form factor of King et al [6] (strhig
line) andtheoretical form factor in this study (dotted) {a) polyethylene, (b)
polystyrene, (c) polycarbonate, (d) Nylon.
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As can be seen in figure 2, a significant reductionx-ray coherent scattering
coefficients was observed due to molecular interfee effects for very low photon
energies £ up to 5 keV). For very low photon energies, theegration in coherent

scattering cross section calculations covers sualles of momentum transfer, and it
causes a significant change.
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Figure 2.The molecular total coherent scattering cross @estcomputed with the
inclusion of the molecular interference effectsaigiht line) and without the inclusion
of the molecular interference effects (dotted)(&rpolyethylene, (b) polystyrene, (c)

polycarbonate, (d) Nylon.

3. Conclusion

The theoretical and experimental FF are close ¢th ether for values of x > 1.5 nin
The differences for values of x 1.5 nm! are a result of the molecular interference
effects. For the photon energies greater than 22 Kee integration in the coherent
scattering coefficient calculations extends to galof x> 10 nm! and so it uses both
experimental FF and theoretical FF results. Theeefibis important that the theoretical
FF is compatible with the experimental FF. For esy photon energies, it is observed
that the coherent scattering data included the cotde interference effects are smaller
than the coefficients calculated without molecutéerference effects.
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